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ABSTRACT

A system for visualization of dawa from supercomputer
simulations has been developed for use by scientists and
engineens at Los Alamos Natonal Laboratory. The scientific
visualization workbenach, as the sysiem is called, is based on an
industry standard workstation (a Sun 3/160C), the NeWS$S
window system, and a video/| add-in card, which is
supported >y NeWS. Also involved is a frame buffer anached
t0 8 43-Mbit/s Cray channe! and a video link from the frame
buffer 10 the Sun workstation. Computnation and graphics
:ewnﬁonmpafamdmdn&tyu&tdncm ofa

eWS client program. are rasterized and sent 1o the
workstation at the rate of 235 The workbench its
the scientist to convene with applications running on a Cray but
still retain the convenience and flexibility of a personal
workstation eavironment. Maoreover, the video link allows
animapd ics images 10 be displayed on the workstation at a
much higher rate than would be possible with a conventional
network connection, i.e., Ethemnet. Also, NeWS affords the
convenience of a modern window sysiem. Live video can be
displayed in & window anywhere on the screen, while other
windows may contain conventional wext ar graphics.

Keywords: workstation, supercomputer, video, window
system, visualizaton

INTRODUCTION

There has long been an interest in providing researchers with a
method for viewing data derived from large-scale scientific
computations. The sheer volumefof data emitted by today's
uupercomzuun demands a way of representing it compactly;
graphics i3 the solution. Several hes to VillllllP;cﬁol‘l
exist; they can all be classified as either interacrive or aon-
iniracdve.

The non-interactive a h involves running a scientific
simulation as a batch bﬂ and rweninuhedlull a later ume.
One method of viewing, which has been used by large scientfic
installations for years, is w0 produce a flim or microfiche on a
film recorder. This usualiy takes the form of a two-dimensional
&ymul representation of isolines or finite difference meshes.

en an animated film sequence is produced showing the
emporal evolutinn of a simulaton. Another apnroach to offline
visualization 12 the TMDS [i] system, developed at Lawrence
Livermore National Labnratory. In TMDS several hundred
centralized frame buffers service over 1800 1emote video

1 This work was perfarmed wr.dar the maspices of U U.S. Lepartment
of Famygy.

displays located throaghout the Laboratory. Graphical
information is rasterized on the supercompuzer and dismbuted
0 8 user's display. Under some conditions animation rates as
high as 15 frames/s can be achieved, but mostly a series of satic
images is displayed. TMDS is also used for conversational
monitoring and suspension of the progress of a simulation, but
this is by no means cunsidered interactuve.

More recent approaches 10 non-interactive visualization involve
using modermn computer graphics techniques to produce
synthesized, realistic .mages from the simulation data. Here
models of lighting, reflectance, and ransparency can be applied
10 render data 10 an easily perceivable form. Methods such as
ray tacing and radiosity, which in themselves consume large
amounts of time, can produce imag~s of sriking
reality. Sometimes these tools are used direct!y by the scientisis
who produced the original data, [2] but the "service bureau”
approach is also widely used. Here expents in hic design
and snimation consult with scientists and uce slides,

videotape, or film that depict the desired phenomena [ 3].

The interactive approach to visualization actually represents a
spectrum of interactivity. In general it means having some
degree of capability to view control a simulation while it is
being performed. One extreme would be the ability 10
periodically interrupt the utation and view inwermediate
results. The other extreme would be a dedicared supercompueer
tightly coupled to a dedicaied high-performance display
system.? Even then, the degree of interactivity would depend
on the complexity of the simulation being perforned.
Moreovey, this is not a cost-effective approach to visualization.
Recently, a new class of computer has been announced by
several companies.’ Called graphics supercomputers, they
have mini-supercoimputer (Alllant and Convex class) computing
power with tightly coupled, h gh-performance graphics
displays. These machines. howewer, are in the $100,000 price
range and may nok be cost-justifiadle in siruations where many
scientists requere visualization capability.

A comnon situation in many large scientific organizations is
where hundreds of workswations are conneceed over a local area
network to one ancther and to one or more supercomputers.
This situatdon not only s the user with the wealth of
software and graphics utlites that inday's workstatone offer, it
also gives him a degree of control over simulations running on »
supercompuier from 8 system convenienty locamd in his office.

2 Appie Compuer ofen wes theit CRAY X-MPMS with saached
Uhry frame bufTer an 8 tingle wser symem.

3 Ardem Compuser, Ssrllr Computer, and Apolio Compuser eli offer
machines in Yus claus.



tasks can be disributed to machines where the job

: wer can
oontrol the display in a window on the worksuton (4]. Best of
all, since worksuatons are relatively inexpensive, organizations
can afford to provide them in quantty for all who need them.
The wcrksunon approach o visualization is explored in the
remainder of the pap~

WORKSTATION-BASED SYSTEMS
Object Data Appreach

The most common local area network used for worksutons is
Ethernet, a baseband 10-Mbit/s consention-based actwork. The
mnst ofien-used wotocol is TCP/IP,* which because of its
overhead, seldom yields an actual throughput greawer than a few
bundred kilobits per second. This Limitadon stongly affects
bow one uses a worksution for visualizaton of s uter
dara. For example, onc can tansmit graphical data in object
form® from superc to worksuation and use the local
graphics hardware © y it [For complex images, however,
ar where animation is the limiwtion of the Ethernet,
mm the reladvely low performance of suandard

graphics hardware, yields 3 drawing speed that is
just wo slow. Om standard workstations, even with careful
wning of hardware and software, one can achieve animaton
rases of only a few fiames per second for images contining a
few hundred vectors. For proper animaton, onc would like
sbout 20 frames/s, preferably 30 frames/s.

One can pardy overcome the speed limiuatdon by turning to
graphics acceicrason, specialized boards that dgnificandy speed
up graphical operations. Warksution manufacturers provide
thesc a3 do third-party hardware suppliers. Recenuy, Raster
Technologies and Tnm Sysems (now a subsidiary of Sun
Microsystems) introd accelerston that promise w0 have l
sgong impact on visualization efforts. Raster Techno

offers the GX4000, a board set that plugs in to a standard un
Microsystems worksuation. This board implements the
proposed PHIGS+ standard in microcode and thus provides s
three -dimensional graphics capability for the host workstation.
This means thar full three-dimensional daw can be nem&omn

superc and tansformed locally. Thui. [pn
animated just by mansformung it md re laying 1t in & new
anienmdon. Depending on the the object, good 10

excellent animanion rawes can be

The Trancept board is calltd the TAAC-1, which 13 an acronym
for Trancept Application Accelerator. As the name suggesu,
this board can be used 10 speed up all kinds of local computing
tasks. When used for graphics applications, it can on:n
sophisticaied rendering operations at very high speed.

board is an add-on to 8 Sun Microsysm
ownhrmbuffermdh capable of producing high- -resolution
.:c:'l:rlulhm Thcbonrdullohuﬂwdnpo:ndalof

ng daws

l.ly (bypassing the Sun processor) at 800
Mbyte/s, but further development work is required before this
feature can be used

While the graphics performance of both of these acceleraiors
outstrips conventional workstation hardware, the raze at which
data can reach them is, in general, sd)] limited Ethernet
throughput This tay not be a problem for investigs where

4 Traasmission Control Program/isamet Prosocol.
3 The wm, object dem. rofen 10 the memerical repressnssdon of the
praphical dat 38 calowlased by the simalation.

a rclatively small amount of object dau is sent from the

supcrcomputer and is expanded locally o produce high-quality
images, animated sequences, or both.

There is a large class of problerms, however, where this is not an
especially useful a np;roach These are typically simulations
involving finite difference calculacons where complex m=shes
are used to describe the spanal aspecis of the problem. An
example of such a mesh is shown in Figure |. This represents
onc instant in ime in a sequence of many thousands of such
images. As the problem evolves, some part of the mesh changes
from one tme siep o another. Each image comprises seven
thousand dats points end, because of Ethernet limitations, onc
cannot expect 0 achieve very good graphics display rates. The
accelerator boards are no belp here because there is no local
algorithmic processing they can usefully perform. An exception
would be the case where only those parts of the image that
change in a time interval arc sent 10 the workstation; the
accelerator would maintain the. database and spply the
changes locally. This is oot task, however, has not
been done in practice.

Image Data Appreach

Another approsch 0 remote data visualization is to perform
some, if not all, of the graphics processing on the
supercomputer and send the complewe representauon to Lhc
workstat:on as an image, i.e, pixe's. But, if the ima
resolution is say, 1024 x 1024 x s.a megebyte of data must
sent for each data display. Thus, there is no speed sdvantage 10
this appruach unless 8 transmission medium other than Ethernet
is used. Providing s second dat mansmission path, one that has
a much higher bandwidth than Ethemner, is the thrust of this
paper. Of course, there must be a device in the workstation that
canhnndletlmdm This device is another tvpe of accelerator, a
board that accepts an image directly and displays it on the




workstation screen.  Parallax Graphics, Inc., makes such a
board. It can digidze an NTSC® video signal in real time, ie.,
30 framey/s. ﬁw scientific viswalization workbench, the
subject of this paper, makes use of the Parallax board
capabilitics, in conjunction with an alrcady-developed
mpcrcou_;gutcr frame buffer sysiem and the NeWS window
sysem. This i -based h to visualization overcomes
the speed limitations of the object-based approach, but at a price.
Image quality is lost by NTSC encoding of a video signal.
Thus, onc is trading image fidelity for width. On the other
hand, the user sees images as fast as they can be produced by
the supercomputer, and iemporal fidelity is often more important
than image qualiry. There is another advaniage to be gained
from ssing phics data on a supercomputer--the
flexibility to experiment with new visualization sigorithms,
rather than rely solely on rendering methods provided by the
worksaation vendor.

NETWORK WINDOW SYS FEMS AND NeWS

A key element of the scieadfic viswalization workbench is a
workstation window system that permits distribution of
computing tasks in a nctwork environment, in this case Sun
Microsystems' NeWS. The acronym NeWS, derived from
Nerwork-extensible Window Syswem, suggests the network
oricntation of this window system. As such, it allows the
ing resources in a hewerogenoous computing environment
10 be effectively used. NeWS runs on a machine with one or
more bit-mapped displays. It acts as a window terver,
managing input and output on iu host machine. Application
mm--cdled clients—-send messages causing NeWS 1o
images on the display. The clients may reside anywhere
on the neiwork. Server-based window symems are often called
distributed window systems, because the server and its clients
may be dismibuwed over the network. This concept is not unique
0 NeWS. It appears in Andrew [5]. a system developed at
Camegie-Mellon University, and the x-me System [6)
from MIT. Figure 2 depicts this network arientation, where the
NeWS server, running on & workswtion, serves remote clients
running on other machines.
2 is 2 source of data for

mrrpacou-lrmdepicndhﬁ
the workbench. As the host for the client program, it provides

graphical data, either object or image, 10 the server running on
the user's workstadon.
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One of the key features of NeWS is the use of a programming
hngu:!e for communication between the server and its clients.
Instead of sending messages consisting of commands and
parameters in & fixed format, clients send programs that the
server interpreis. The language used by NeWS is PosTScrrpT
(7], which was originally developed as a language to drive
printers. Sun has extended POCTSCRIPT 10 include features
nccessary for operation in an interactive workstation
environment. These fearures are described in detail elsewhere

[8]. It is important 10 note here that the presence of POSTSCRIPT
vides an extremely powerful window system extension
ility. making it possible w rapidly develop new tools.

THE SCIENTIFIC VISUALIZATION WORKBENCH
System Overview

The structure of the sciendfic visualization workbench is
depiceed in Figure 3.

Each nt of the workbench will bz described in deuwail,
but brie“y. it comprises a Sun Microsystems 3/160C

) aqujgpod with a Parallax 1280 Series Videographics
Processor, a high-resoluton color monitor, a Cray Research,
Inc., supercomputer ec‘uipped with a Solid-suax Sworage Device
(SSD), and a 512h x 512v x § bit/pixel frame buffer anached 10
the Cray by a 48-Mbivs channel. Communication berween the
SunmdmeCnJis th.lhu-nelusingTCP/[PUN'matol. The
Cray runs the UNICOS 3.0 (System V-based UNIX), and 2
special Panallax version of the NeWS 1.1 window system runs
on the Sun. A NeWS client on the Cray conuols the
transmission of rasterized dan o the frame buffer and ulumately
to the worksuation over an NTSC video link. The magnified
wu'kmdonmnlnd\elo“rlehofwdhﬁmru sts the
rresence of several types of windows, in which independent
provesses are running nmultancously.

Thes Supercomputer Subsystem

The supercomputer side of the workbench is based upon work
previously reporied by Fowler and McGowen [9). They
describe the development of a 312h x 512v x 8 bit/pixel frame
buffer installed on a 48-Mbdivs 1/O channel of a CRAY X-
MP/416. t from the frame buffer is separate red, n,
and blue (RGB) non-interiaced video signals with a refnﬁn:
of 60 Hz. The output signal is viewed on a color monitor
atached directy to the frame buffer or is transmitwed over a fiber
optic link to a remose locacgon. Cutput to the frame buffer is
controlled by a highly tuned that takes advantage of the
vectorization capabilites of the Cray. Under cenain loading
conditons (the Cray is pot dedicased w this task) users can
achieve saimation rates of almost 25 frames/s. The Cray
operating system is CTSS, the Cray Timesharing System, and
mmuduhuumﬂnwnmrombymn in on
high-speod serial lines. The control process and the display
m are disjoint, i.c., they are associased with cwo different

The workbench uses the supsrc uter facilides somewhat
differentdy. The operating mm:ﬂ; UNICOS (a UNIX.like

syssem developed by Cray Research), and the control
and display functions are both ted into the workstation.
From the workstation end, the user controls Cray activity over
an Eiherset link through a NeWw'S 15. This process
communicates with a Cray-based NeWS client program, which
in um direcs the frame buffer display software deicribed
above. There is a separawe video link that ransmits the frame
bufler video signai w0 the Parallax processor. This is currently
an NTSC video signal, derived by encoding the RGB output of
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the frame buffer. The signal is channelized onto a (ubiquitous)
cable video network and decoded with a tuner at the user's
locanon. The rade-oiY of image quality for bandwic'th extraced
by NTSC encoding was mentioned earlier, a later generanon of
the systiem will hopefully involve direct transmission of RGB
video to the workstation.

The Weorkstation Subdsystem

The worksution is a Sun 3/160C, but any Sun model with a
VME bus interface can be used. This bus accommodates the
Parallax 1280-V-8VN videographics card set.  Other
yorkstations, wppordng different bus protocols, could &lso be
used For exemple, Parallax has a Q-Bus vemion of the

ummmumbemmdandbyﬂxbigml

Equipment poration’s line of MicroVAX workstations.
Nannud‘y.l ifferent set of software would be required. The
video display can be cither the standard Sun color monitor

(1152h x resolution) or any number of mm&;:vy
monitors. The Parallax board normally produces a 12
1024v i but it can be 0 provide a wide range
of video formats. The monitor used far the developmen: project
is 2 19-inch Sony GDM 1950 with 1280 x 1024 resolution.

The Parallax Videograshics proceasor is a complewe

controller and frame bui F-r, with a sim m 2048 x

this, only 1280 x 1024 is viewable. mm

the parent workstation is not used at the Parallax

mandard grnaphics performance pnenu exceeds that

by the wevkstation. What makes the board set unique

is s ability so digitise and display an NTSC video lm.ge

anywhere in its ical address space. Video digidzation is
a3 /s and an image size of 640h x

480v, consistent with NTSC bandwidth. Becsuse of a

K-q:rleury dithering swchnique, which uses a 14-bit YUV

and chrominance) color space, the mulﬂnw

quality is extraondinary. The board outputs RGB video

o the colnr moniwr. Maehtﬂlnmthe?mlluproduncm

be found in the user manual {10].

PNeWS, NeWS Enhanced for Video

Panallax Graphics has ported the NeWS 1.1 system 1o its
vidcographics card and exwended it video features.
The resulting syswem, called PNeWS [11), is the foundation for
the scientific visualization workbench. PNeWS preserves the
E\mryoﬁhea'ipm]NeWSpmde Only five new operators
been added: four to suppon video and one to provide
general access 0 all features of the Parallax hardware. One
cxtension, for examp.e, defines a new type of window, a video
window. There is a corresponding operator that specifies the
mueddlulobeduphyedinthcvhdowie a live video
n‘g;l. Video windows can conwin still as well as live video.
, conventional graphics can be overlsid on any video
window. One can selectiveiy digitse live video frames, each in
s w window, and resize them at will. The workbench
b on these capabilides by allowing the user 10 produce hard
copy, film, or pni ourput of any such video . PNeWS$
also supports the Parallax board capability of swirching between
two separate video signals, a fearure that is useful for rocording
and accessing ‘mages on a laser disk recorder. Details of the
wols available w the workbeach user follow.

System Operation and Capadilities

Launching the workbench is simple. Once in the NeWS§
environment, the user op.2ns an authorized session on the Cray
through a erminal emulator window on the workstadon. By
a“sln' a (software) bution ca the workswation screen, uw ©22°
ns the client process, which in rum emablishes the
client/server path on the nerwork. At this point NeWS is in
control of the entire distribused environment The user issues
commands via software sliders, butions, sad sext flll-in dislogs.
Fi;un 4 shows a rypical screen layout for the workbench. In
rper right, for example, there is a partly visible control
for setting video mrnewn such as contrast and
ghtness. The image in right shows a video ima
wmuundiunaodnndmnuds controls are used for

rmp
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such operations as video image sequencing and speed, video
frame capture, graphics overlay, exc.

The user has control over many aspects of the workbench user
interface. Naturally, all windows, video or conventional, can be
sized and locased as the user wishes. In eddition, the default
color Jook-up table can be modified 1w suit the image tein
viewed For example, there is often more insight w0 be
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Viswalization Teols for Sciemiijic Analysis

In addition 10 the user inrerface conzols described above, there
is a set of higher leve! tools available w the workbench user.
One of these 100ls has alresdy been mentioned and ars in
Figure 4. This is a video image annotator, which also has a
database funcion. lmages can be captured from any source and

can be annouted wirh a variety of xtual and graphical features.
Thus, the user can sets of images, all cataloged with
appropriate annowuions, and recall them for later viewing and
hard coﬂ production. Tae ability w0 easily produce hard copy
should zed. It is due in large pant to the fact that
PosTScalrT is lhe"ll;{“m underiying NeWS, the window
ryswem used far the bench.

Ofwcn the workbench user wishes 10 view images in a fixed
_ﬁ;&d relatonship, i.e., in the form of a mosaic or monuge.
display ¢ show several images that bear a temporal
relationship 1c on: another, or they could be drawn from
diﬁutmmr. In fact, one might wish 10 combine
video images from different sources into a single movaic, e.§..
from a videodisk and an online dawbase. workbench
this 100!, and an example of iu use is chown in Figure
6. which shows the emporal evolution of a supersonic jet.
Time begins in the lower left corner and progresses from botom
0 top, left © right. The user can sclect any arder of presentation
and any size and number of images. Another capability, nat
miae.huumdcunuhnmﬂondmtmnhw
soquence with an eppropriste parameter value.

Another wol allows the user W erdi graphucal
data on a live or stll video image. Plotting T:omnﬂ. cs.

fCmperature or prossure conours, s a cornmon use for tils tool.
The isoline data is sent from the ter (over Ethernet)
and is ransformed and drawn in spec window. If the



dam in the overlay do not change, the display can be conversed
10 an image for subsequent imamediswe overlay. This is useful if
the window is often closed and re-opened.

USING THE WORKBENCH

Because the workbench is stll a development system, it is pot
widely accessible by potential users. Still, there is some
indication how a typical user will imeract with the system.
When a sciendst runs a simulation on a , he
generally saves the graphical output in the form 2 CGS
metafile [13). The NeWS client program, which is running ox
the supercomputer, processes those meusfiles o uce
nmindmmﬁubhfw y on the channel-attached

buftfer. a congrol displayed on the workstaron
screen, the user the display of these raseeriaed
scientist can convol

Interesting,
locally on the workmation and
animased or a frame a1 a ume. Typically, a user looks for
features in the data that suggest a further investigation or
highlight an erros.  Selective color uble modification is ofien
used in this process.

The video annotation 0ol described earlier is used as son of &
u:bndcuk:!m Upnzshmgucmbeuwdlnlnuned
folio (flke), wexmal and graphical markup
Anynumbcr 'olios can be creased and lawer retricved by a

rudimentary keyword search fact
folios can be printed or saved
documenianon

syseem that accepts a POSTSCRIPT representation.

. Selecied images from the
incorporaton irto any

SYSTEM PORTABILITY

While the workbench was developed for use in the Los Alamos
mutudngmvhuml,myupeaddnmmnchnology
can be transferrod 10 anocher setting. While a direct connection
%0 a Cray compurer is considered an imporant atribuke of the
warkbonch, there are elements of it that will be useful even
when this is not available. For those many Cray sites
throughout the world, however, all elements should be

icable. All Cray ters are equipped with 48-Mbivs
c Is. The frame buffer, which was deveioped at Los
Alanos, ir pow available as a product.” It can be used on
cither of the Cray DA/DB or DI/DO channels. While the frame
buffer producet RGB video signals, there are many NTSC
video encoders on the market. resultng signal can be sent
10 the worksianon via either cable video or a f.ber optic link.

At nowed rarlier, the worksuton used in the sysem need not be
a Sun. The Parallax board is available for several bus
architectures other than VME, in ular for the Q-Bus, AT
Bus, and the bus for the IBM RT/PC. Apollo set, for
example, uss the AT Bus in their DN-3000 and DN-4000

7 Avallabie from Siveo Enginssriag. ARuquerqus, NM.



series worksutions and Digital Eq %pa‘lﬂmmdt
Q-Bus in their MicroVAX m“ﬂu:m is available for
both companies’ warksutions, and pors of NeWS exist for
them a1 well. Of course, it would be possible to develop the
equivalent ides of the scicotific visualizaton workbench
using the X-Window Sysem; Parallax has software © suppon it
a3 well as NeWS. But the higher level 10ols deacribed here wre
NeWS-specific and would have 10 be rewrinen for X-Window.

FUTURE DIRECTIONS AND ENHANCEMENTS

While the scienrific visualizarion workbench is very useful in its
current state, there are several feanures that remain 30 be added
Among these is a rudimentary page layout and report building
facility. This will the user 10 assembie pages of figures
and umages into a nﬂnbhfudhwhudwplmm
on, for example, the ouw color POSTSCRIPT prinser QMSs.

There are several bost-based facilives that must be provided.
Most important of these is a programmaiic inwerface 0 simulation
mum that run on the supercomputer. Currently, the
bench client program only ses metaflles that were
dm%lhgd:wtbend’l

0 the simuladon will provide more user control and inseractivity.

My.mwqumumﬂm
vimmnn)and‘mmm ification. will allow the
workbench 0 q y and sclectvely retrieve images from an
wchive for display as single images or as part of a mosaic.
Other enhancemeats, not envisioned now, will no doubt be
nquemed by users cf the workbench.
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